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The o b j e c t i v e  of t h i s  program is t o  determine t h e  n a t u r e  
of f r i c t i o n  (cold welding),  wear, and l u b r i c a t i o n  phenomena 
i n  t h e  a c t u a l  environment of  deep space.  I t  is w e l l  recognized 
t h a t  i nc reased  f r i c t i o n  and wear i n  vacuum are the  most s e r i o u s  
hazards t o  mechanical dev ices  i n  space. A very widespread 
and c o s t l y  e f f o r t  is underway t o  i n v e s t i g a t e  t h i s  problem under 
i- 
l abo ra to ry  s imula t ion  of t he  space environment. A r e c e n t  
count showed tha t  approximately 100 groups (both government and 
indus t ry )  were s tudying  f r i c t i o n  (cold welding),  wear, and 
l u b r i c a t i o n .  Most of these s t u d i e s  involved vacuum effects.  
The amount of money involved is s u b s t a n t i a l  and the  va lue  of ~ 
tes t  r e s u l t s  ques t ionable .  
I n  view of th& large expendi ture  of r e sources  i n  t h i s  
area us ing  l abora to ry  techniques t h a t  may o r  may no t  be g i v i n g  
v a l i d  data, it is f e l t  t h a t  the  t i m e  has  come t o  es tab l i sh  
conc lus ive ly  j u s t  what and how bad are t h e  problems i n  space 
rega rd ing  mechanical components. 
"mountain" has been made o u t  of a "molehi l l"  and t h a t  e l a b o r a t  
It may be found t h a t  a 
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i and c o s t l y  l abora to ry  t es t s  may no t  be necessary  and hence, 
1 pushing t h e  s ta te -of - the-ar t  i n  l a b o r a t o r y  vacuum techniques  
I 
and tes t  methods may not  be warranted. Conversely, i t  may be 
found t h a t  u n l e s s  t h e  vacuum tests are conducted i n  a vacuum 
of 10-l2 t o r r ,  space s imula t ion  i n  t he  l a b o r a t o r y  may be 
I 
I 
! inadequate.  The phenomena of co ld  welding i n  space is of wide 
I 
I 
i n t e r e s t ,  e s p e c i a l l y  i n  t h e  manned space e f f o r t .  Orb i t a l  
I docking, assembly, etc. may be affected by cold welding. _These 
experiments w i l l  shed l i g h t  on j u s t  how s e v e r e  t h i s  problem is 
and w h a t  may be done about it. This i n - f l i g h t  experiment w i l l  
I 
. I  
. 1  s e r v e  an urgent  two-fold purpose. F i r s t ,  it w i l l  v e r i f y  
I 
l a b o r a t o r y  r e s u l t s  on the  performance of mechanical elements.  
Secondly, i t  w i l l  permi t  a b e t t e r  d e f i n i t i o n  of t h e  degree of 
vacuum r e q u i r e d  f o r  a n  adequate s imula t ion  of the space 
. I  
e nv ir  cnme n t . 
An experiment is o u t l i n e d  which w i l l  measure r o l l i n g  and 
s l i d i n g  f r i c t i o n  and co ld  welding effects  i n  o r b i t .  I n  a d d i t i o n ,  
t h e  a c t u a l  p r e s s u r e  environment t o  which t h e  experiment is 
, 
i 
I .  
exposed w i l l  be measured. The experiment is designed on a 
modular basis. That is, i t  w i l l  be made up of s e v e r a l  
independent modules which may be combined as necessary t o  f i t  
t h e  f i n a l  space and power a v a i l a b l e  i n , t h e  spacecraft. See 
Figure  1. "his e x p e r i m e n t  c o n s i s t s  of t h e  fo l lowing  modules: 
(a) One bear ing  test module. 
This device  w i l l  t e s t  a sample of 8 instrument  bearings 
under load  and measure torque and t i m e  t o  f a i l u r e .  See F igu res  
2 - 5. 
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I' (b) An o p t i o n  of 1 - 3 f r i c t i o n  and wear tes t  modules. 
This device w i l l  measure the  c o e f f i c i e n t  of  f r i c t i o n  and 
wear ra te  of 6 d i f f e r e n t  combinations of materials. See 
Figure 6. r \  
(c) ODe p r e s s u r e  t ransducer .  
T h i s  device w i l l  measure t h e  t o t a l  p re s su re  i n  t h e  
v i c i n i t y  of t h e  experiment. See Figure 7. 
The bear ing  tester (Figure 2) c o n t a i n s  f o u r  brushzess  D. C. 
motors which d r i v e  the  t e s t  bear ings  a t  3000 rpm. Tliis type  
of motor is a l s o  an  extremely s e n s i t i v e  and accu ra t e  ( b e t t e r  
t han  5%) measurement device s i n c e  motor c u r r e n t  is d i r e c t l y  
p ropor t iona l  t o  s h a f t  torque.  Bearing tes t  load  can be selected 
from 0 t o  5 pounds ( a x i a l ) .  A l l  test  bea r ings  a r e  d i r e c t l y  
exposed t o  t h e  space vacuum. 
are h e r m e t i c a l l y  sealed t o  e l imina te  outgass ing  which might 
Motor windings and e l e c t r o n i c s  
affect the  v a l i d i t y  of t h e  experiment. Ten 0-5 v o l t  ana log  
te lemet ry  o u t p u t s  g i v e  bear ing torques ,  cond i t ion  of the  d r i v e  
motors and temperature  of t h e  experiment. Should f a i l u r e  of a 
d r i v e  motor occur , , t he  cause w i l l  be p o s i t i v e l y  i s o l a t e d  t o  
bear ings ,  motor, or supply vol tage.  I n  event  a p a i r  of test  
bea r ings  exceed a predetermined f a i l u r e  torque ,  t h a t  motor is 
switched t o  a low power condi t ion  t o  prevent  excessi$e d r a i n  
on t h e  s a t e l l i t e  power supply. Power r equ i r ed  by the experiment 
i s  between 2 and 3 . 5  watts  depending upon load  and c o n d i t i o n  of 
t h e  bear ings.  S i ze  is 3 x 3 x 8 inches,  weight 4 pounds. 
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Laboratory test of the ball bearing experiment is now 
underway. 
Program details are being presented for the first time 
before a technical society. 
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